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A B S T R A C T
Modifications of neuronal circuits allow the brain to adapt and change with experience. This plasticity manifests during development and throughout life, and can be remarkably long lasting. Evidence has linked activity-regulated gene expression to the long-term structural and electrophysiological adaptations that take place during developmental critical periods, learning and memory, and alterations to sensory map representations in the adult. In all these cases, the cellular response to neuronal activity integrates multiple tightly coordinated mechanisms to precisely orchestrate long-lasting, functional and structural changes in brain circuits. Experience-dependent plasticity is triggered when neuronal excitation activates cellular signaling pathways from the synapse to the nucleus that initiate new programs of gene expression. The protein products of activity-regulated genes then work via a diverse array of cellular mechanisms to modify neuronal functional properties. Synaptic strengthening or weakening can reweight existing circuit connections, while structural changes including synapse addition and elimination create new connections. Posttranscriptional regulatory mechanisms, often also dependent on activity, further modulate activity-regulated gene transcript and protein function. Thus, activity-regulated genes implement varied forms of structural and functional plasticity to fine-tune brain circuit wiring.
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Abbreviations: RGS2, regulator of gene signaling 2; Arc/Arg3.1, activity-regulated cytoskeleton-associated protein; CPG2, candidate plasticity gene 2; Homer1a, homer homolog 1a; SNK, serum-induced kinase; CPG15, candidate plasticity gene 15; tPA, tissue-type plasminogen activator; Arcadlin, activity-regulated cadherin-like protein;
Npas4, neuronal PAS domain protein 4; Narp, neuronal activity-regulated pentraxin; BDNF, brain-derived neurotrophic factor; IEG, immediate early gene; AMPA, a-amino-3-hydroxyl-5-methyl-4-isoxazole-propionate; NMDA, N-methyl-D-aspartic acid; GABA, g-Aminobutyric acid; CaMK, Ca
